In order to minimize the social and environmental concerns arising from the use of traditional energy resources such as fossil fuels and nuclear energy, the South Korean government has attempted to develop alternative energy resources. In particular, the large educational institutes and islands in South Korea-which have the motivation and potential to provide electrical services-are required to install renewable electricity generation facilities to reduce the burden on the local grid systems. With this trend, the current study investigates potential configurations of renewable electricity generation systems to supply the electrical demand of Jeju National University, located on the largest island in South Korea. The potential configurations suggested by the simulation results are evaluated by renewable fraction, cost of energy (COE), and total net present cost (NPC). The suggested configurations show a renewable fraction of 1.00 with COE of $0.356-$0.402 per kWh and NPC of $54,620,352-$51,795,040. Based on the results, both implications and limitations are examined.
Introduction
Although fossil fuels and nuclear energy are important resources, their use raises serious environmental and safety problems, such as global warming and atmospheric pollution from greenhouse gas (GHG) emissions [1] [2] [3] . Therefore, in order to reduce GHG emissions, many nations have attempted to use renewable energy resources [4] .
South Korea, the 10th biggest energy consuming nation, has also attempted to utilize renewable energy resources [5] . Moreover, because South Korea imports 97% of its energy, the South Korean government has introduced the national energy plan called "Energy Vision 2030" to increase the distribution ratio of renewable energy facilities in the national energy consumption from 3% to 11% [6] . In addition, in order to easily diffuse new and renewable energy facilities, "The Act on the Promotion of the Development, Use, and Diffusion of New and Renewable Energy" was established in 2008 and is annually updated [7] .
After the introduction of this act, two specific areas-large educational institutes and islands that consume major investments for their electrical supply-are considered the most promising targets for renewable energy resources. Educational institutes are the second biggest energy consumers after apartments in South Korea. About 14.6% of the national energy consumption in South Korea is used in educational institutes [8] . Based on this trend, the South Korean government considers the use of renewable energy resources to be an important issue in operating a sustainable energy supply system for public buildings and institutes [9] . The government has mandated the installation of 20% renewable energy facilities in public buildings and institutes [10] . In South Korea, the energy industry is one of the most important focuses of efforts to improve the national competitiveness. The South Korean government selected six future trends for the successful development of the national economic growth [11] . Based on the selected trends, several studies on the South Korean energy industry have been conducted to appropriately respond to the future situation. Table 1 shows the political, economic, socio-cultural, and technological (PEST) analysis of the industry. Table 1 . PEST analysis of the South Korean energy industry [11] . [20, 21] South Korea's numerous islands require significant investment to maintain the grid connection [22] . In order to reduce the notable investments for the islands' energy systems, the government has supported the establishment of energy-independent regions for the islands by utilizing renewable energy resources [22, 23] . For instance, Jeju Island, located off the southern coast of South Korea, aims to have carbon-free energy-independent systems by 2030 [24] . Moreover, the local government of Jeju Island has operated "Strategic plans for Jeju electric vehicle pilot city" for achieving the goals of "Carbon Free Island Jeju by 2030" [24] . Based on these plans, 10% of the current vehicles used in Jeju Island will be substituted with electric vehicles in 2017. The ratio will be increased to 30% in 2020, and about 100% in 2030.
To successfully achieve these goals, the local government plans to extend renewable energy facilities, mainly including wind turbines and photovoltaic panels [25] . Moreover, the heavy energy consumption by South Korean universities is one of the main threats to the reliability of the national grid system. For example, more than 10 universities are included in the list of the top 100 energy consuming South Korean organizations [26, 27] . In addition, the majority of South Korean universities use electricity connected to the national grid system. Therefore, educational organizations in Jeju Island need to plan to establish sustainable electricity generation facilities in order to reduce their dependency on the national grid connection.
With these trends, the current study sheds light on educational institutes located on Jeju Island. In particular, the current study investigates potential configurations of optimized renewable electricity generation systems for Jeju National University, the largest educational institute in Jeju Island. The Hybrid Optimization of Multiple Energy Resources (HOMER) program is used to propose the configurations for the university. Moreover, the results of the simulations computed by HOMER are evaluated by three evaluation guidelines: the degrees of renewable fraction, cost of energy (COE), and net present cost (NPC).
The reminder of the current study is organized as follows. Section below review the current legislative status on renewable energy facilities in South Korea. Section 2 presents the status and renewable energy resources information of Jeju National University. Section 3 examines the simulation 
Acts for Renewable Energy Facilities in South Korea
In South Korea, the Heat Control Act was enacted in 1974 for heat and fuel in the industrial area after the world energy crisis in 1973 [28] . However, the Energy Use Rationalization Act was enacted in 1979 to actively manage energy, including new energy such as electric and solar in the overall national economy other than industrial parts [29] . Since its enactment, the Energy Use Rationalization Act has been amended several times over 30 years to reflect the entry of conventions such as the Kyoto Protocol on worldwide climate change for sustainable growth potential and solving the global warming problem due to fossil fuels [30] . The present goal of the Act is to promote the rational and efficient use of energy and minimize global warming by reducing the environmental impacts associated with energy consumption.
In addition, the need to develop alternative energy was recognized for a reliable and affordable energy supply within the extremely weak energy supply structure in South Korea. Thus, the Act on the Promotion of Alternative Energy Development was enacted in 1987 for activating the development of technologies related to alternative energy, such as solar, wind power, and ocean energy, beyond conventional energy [31] . Since the enactment of the Act on the Promotion of Alternative Energy Development, it has been amended several times, and its name has been changed to the Act on the Promotion of the Development, Use, and Diffusion of New and Renewable Energy (hereinafter referred to as the Renewable Energy Act), replacing the term "alternative energy" with the term meaning new energy distinct from the existing energy and renewable energy at the same time [32] . Currently, the Act emphasizes environmental conservation and sustainable development by promoting the diversification of energy sources, reliable supply of energy, environmentally-friendly conversion of energy structure, and the reduction of GHG emissions.
Moreover, all national universities in South Korea can generally be classified as public organizations (Act on The Management of Public Institutions, Article 4-Public Institution) [33] . The universities are therefore mandated to reduce their GHG emissions and promote the development and dissemination of renewable energy technologies by installing related equipment to building for the efficient use of energy and renewable energy. The related specific regulations are shown in Table 2 . 
Status of Jeju National University

University Location and Population
Jeju National University is located in the northern side of Jeju Island in South Korea. The coordination of the university is 37.45 latitude and 126.56 longitude (Figure 1 ). In 2015, the total land and building area of the university was 1,604,856 m 2 and 231,518 m 2 , respectively. The university is organized into 12 colleges, about 12,500 students, and approximately 1000 professors and staff. 
University Load Information
The current electricity demand is totally supplied by the island grid system. Based on the real electricity load information of the university, the current study uses the 50%-scaled electricity load information of the university. The average electricity demand of the university is computed as 20,300 kWh per day, with a peak electricity demand of 1182 kW, equating to a load factor of 0.716.
University Solar Energy Information
The current study uses the solar resource information collected by NASA. The annual solar clearness index is 0.473, and the annual solar radiation 3.999 kWh/m 2 /d. In order to minimize the photovoltaics (PV)-installation space concern, it is assumed that the rooftops of the buildings in the university are used. Because a 3 kW-capacity photovoltaic panel requires 7 m 2 [34, 35] , the maximum limitation of PV panels was computed as about 99,000 kW.
University Wind Energy Information
The monthly wind speed information was collected by the Korea Meteorological Administration and NASA. Because the height of the wind turbine model used in this study is 25 m, the current study uses the average wind speed value between the ground and 50 m above the ground. Based on the information, the annual average wind speed is computed as 4.964 m/s (Figure 2) . 
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Key Parameters for the Economic and Environmental Analysis
South Korea's Annual Real Interest Rate
The current study uses an annual real interest rate of 3.0%, which has been used in the previous feasibility tests in South Korea. Moreover, based on the national renewable energy supporting plans, an annual real interest rate of 1.5% (50% of the reduction of interest program) is also considered in 
Key Parameters for the Economic and Environmental Analysis
South Korea's Annual Real Interest Rate
The current study uses an annual real interest rate of 3.0%, which has been used in the previous feasibility tests in South Korea. Moreover, based on the national renewable energy supporting plans, an annual real interest rate of 1.5% (50% of the reduction of interest program) is also considered in the simulation.
Three Evaluation Guidelines
Three evaluation guidelines are used to evaluate the suggested configuration [34] . First, the renewable fraction of the suggested configuration presented by the simulation should be 1.00 in order to minimize the dependency on the traditional grid system. Second, COE, which is defined as "the consumed cost of a particular generation system in producing 1 kWh of electricity", is used [34] . Third, NPC, which is "the total cost for establishing, replacing and operating the suggested system in the project lifetime", is employed [35] . The current study employed 25 years for the lifetime of the project.
Environmental Parameters
Based on the electricity production information of the national grid system, 0.632 kg of carbon dioxide, 0.00274 kg of sulfur dioxide, and 0.00134 kg of nitrogen oxides are reduced when 1 kWh of electricity is eliminated from the traditional grid system.
Renewable Electricity Generation Systems
Because this study proposes renewable electricity generation systems for Jeju National University, wind turbines, PV panels, battery units, a traditional grid connection, and an electricity converter are considered as potential system components. Therefore, detailed cost information of these components should be included in the simulations [34] [35] [36] .
The installation and replacement costs for a PV panel are $1800 and $1800, respectively, with an annual managing cost of $25/kW capacity. Moreover, the lifetime of the panel is 20 years when no tracking system is applied. As presented in the previous section, the current study considers the range from 0 to 99,000 kW in the simulation [36] .
For the utilization of wind energy, a generic 10 kW wind turbine is considered. This model computes costs of $29,000, $25,000, and $400 for the installation, replacement, and annual operating costs for two turbines, respectively. The hub height and lifetime of the turbine are 25 m and 25 years, respectively. This study considers the range from 0 to 1000 turbines [35, 36] .
This study employs a Surretts-6CS25P battery model as battery units. This model shows a lifetime throughput of 9645 kWh, nominal voltage of 6 V, and nominal capacity of 1156 Ah. This battery model presents a capital cost of $1229, replacement cost of $1229, and annual operating cost of $10. The current study simulates a range from 0 to 30,000 units [35, 36] .
In order to convert from AC to DC, an electricity converter should be included. The converter costs $1000, $1000 and $10 for the installation, replacement, and annual management costs for 1 kW capacity, respectively. The converter has a lifetime of 15 years, and an inverter efficiency of 90%. The current study simulates a range of converter capacity from 0 to 3000 kW [34] [35] [36] [37] . Table 3 shows the optimized configurations of the simulation. Tables 4 and 5 show the total NPC and annualized cost information of the suggested configurations. The proposed configurations achieve a renewable fraction of 100% with COE of $0.356 per kWh (1.5%)-$0.402 per kWh (3.0%) and NPC of $54,620,352 (1.5%)-$51,795,040 (3.0%). Table 6 presents the electricity production, consumption, and quantity information of the configurations. About 70% of the electricity in the system is produced by wind turbines, and 30% by PV panels. Moreover, 27% of the electricity generated by the system is sold through the grid connection. Table 7 presents the sales volume of the electricity generated from the suggested configurations. Table 8 shows the annual environmental advantages of the suggested configurations. More than 1.7 million kg of carbon dioxide, 7500 kg of sulfur dioxide, and 3700 kg of nitrogen oxides can be reduced annually by using the suggested configuration. Figures 3-5 present the monthly reduced environmental pollutions of the suggested configurations in comparison with the traditional grid system. Table 7 . Purchasing amounts through the grid connection of the suggested configurations. 
Results
Discussion
This study investigates possible renewable electricity production systems for Jeju National University in South Korea. Based on the simulation results, optimal configurations for the university are proposed. The main study findings are presented as follows.
Under a real interest rate of 3.0%, the system organized by 4855 kW-capacity PV panels, 884 wind turbines (Generic 10 kW model), and 10,945 battery units with a 1875 kW-capacity converter is suggested. This system shows COE of $0.402 per kWh, NPC of $51,795,040, and annual operating cost of $856,344. In the case of a real interest rate of 1.5%, the system organized by 4855 kW-capacity PV panels, 888 wind turbines (Generic 10 kW model), and 10,920 battery units with a 1885 kW-capacity converter is suggested. This system shows COE of $0.356 per kWh, NPC of $54,620,352, and annual operating cost of $854,247. Considering that Jeju National University annually pays a more than 0.13 million USD electricity bill, the suggested annual costs can be accepted for the university.
The initial capital costs are greater than 67% and 71% of the NPC costs under the two cases, respectively, with a capital investment of more than 36.8 million USD. The battery units are the most expensive components of the system. In order to minimize the initial capital investment, the renewable electricity generation system should be installed gradually. For example, PV panels and wind turbines can be installed before the battery units. In this step, the total amount of electricity generated from PV panels and wind turbines can be sold through the grid connection before the battery units are installed and operated. Moreover, in order to reduce the burden on the initial capital costs of the suggested configurations, the supporting plans for renewable energy facilities in South Korea should be applied. In order to reduce the burden of initial capital costs of the suggested configurations, the following steps can be referred:
• Stages for gradually installing the suggested components in the system should be planned.
•
The supporting plans and policies operated by South Korean and local governments should be considered and applied.
The dependence on renewable electricity generation components will be gradually increased when the dependence of the grid system is reduced.
The suggested configurations from the simulation achieved 100% renewable fraction with a COE of $0.356-$0.402 per kWh. Considering the results of prior research conducted in South Korea ($0.409 per kWh for Kyung-Hee University site; $0.472 per kWh for Geoje island; $0.399 per kWh for Busan metropolitan city; $0.461 per kWh for Daejeon metropolitan city) [35, 36, 38, 39] , the introduced configurations show enough competitiveness.
Limitations
The current study suffers several limitations. First, more detailed renewable-related policies mainly focusing on the supporting plans for the installation and operation of renewable electricity generation facilities could not be considered. For example, the central and local governments of South Korea currently operate several supporting plans for renewable energy facilities located in the areas of educational institutes and islands. Second, the current study uses 50%-scaled electricity load information of Jeju National University, which significantly increases the initial capital cost of the suggested configuration. Based on the present simulation results, future studies can be conducted to further justify the installation of renewable energy facilities.
